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1.0 INTRODUCTION 
 
The following Water Quality Monitoring Plan (WQMP) summarizes the activities and 
protocol recommended to perform monitoring at City of Durham closed municipal solid 
waste (MSW) landfill in general accordance with the requirements as specified in the 
North Carolina Department of Environment and Natural Resources (NCDENR) Solid 
Waste Management Rules, Sections .0600 and .1637(a)(1) of 15A NCAC 13B.  The 
WQMP is designed to monitor groundwater and surface water quality in order to detect a 
release from the landfill into the uppermost aquifer [.1623(b)(3)(C)].  This plan was 
developed by S&ME, Inc under contract with the City of Durham to provide engineering 
services (CT 2889, dated October 22, 2007) and S&ME Proposal No. P4181-07V, dated 
August 20, 2007.   
 
This two part water quality monitoring plan consists of a Monitoring System Plan and 
Sampling and Analysis Plan.  The Monitoring System Plan described in Section 2.0 of 
this document includes a hydrogeologic study that describes the regional and local 
hydrogeology at the City of Durham’s Closed Municipal Solid Waste Landfill (MSWLF).  
Also included in the Monitoring System Plan is a description of the current water quality 
monitoring network and associated well construction and maintenance related 
information. 
 
The Sampling and Analysis Plan is described in Section 3.0 of this document.  This 
section includes a discussion of the sampling locations, frequency of sampling, and 
sampling procedures.  Also included in the Sampling and Analysis Plan is a description 
of the analytical methods that will be utilized for the analysis of collected samples, data 
management protocols, and a discussion of quality assurance/quality control measures, 
and the statistical procedures used to evaluate the data. 
 
The City of Durham Landfill is a closed municipal solid waste (MSW) landfill and is 
maintained by the City of Durham’s Department of Water Management under Permit No. 
32-01 issued by the North Carolina Department of Environment and Natural Resources, 
Division of Waste Management (NCDENR-DWM). 
 
Section 4.0 of this document discusses the requirements for reporting the sampling results 
to NCDENR. 
 
The subject facility is a closed, unlined MSW landfill that ceased accepting wastes in 
1997.  Groundwater and surface water has been monitored at the facility since September 
1994 in general accordance with the City of Durham Sanitary Landfill Water Quality 
Monitoring Plan, prepared by Malcolm Pirnie, Inc. in April 1994 (MP 1994).   The 
vicinity location of the facility is shown on Figure 1, with more details of the Facility 
and the immediate area shown on Figure 2.  The landfill is located northeast of 
downtown Durham, near the North Durham Water Reclamation Facility (NDWRF) off 
East Club Boulevard at Glenn Road.  The original WQMP (MP 1994) and historical 
groundwater and surface water quality data from the site were considered in developing 
this updated WQMP. 
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2.0 MONITORING SYSTEM PLAN 

2.1 HYDROGEOLOGIC STUDY 

2.1.1 Regional Geology 
 
The City of Durham Closed MSW landfill is located within the Deep River Basin, which 
is an extensional basin consisting of sedimentary deposits formed during the Triassic and 
Jurassic. The Deep River Basin extends along the east coast of North and South Carolina 
for 90 miles, from the South Carolina state line near Wadesboro, Anson County, 
northeastward to near Oxford, Granville County.  The basin is bound by normal block-
faults along the basin margins.   A series of three interconnected sub-basins have been 
identified within the Deep River Basin.  From north to south they are the Durham, 
Sanford, and Wadesboro sub-basins.  The Durham Landfill lies entirely within the 
boundaries of the Durham sub-basin.   
 
The sedimentary rocks of the Deep River Basin are part of the Chatham Group, which is 
divided into three formations: the Pekin, which occurs along the northwestern boundary 
of the basin; the Cumnock, which occurs in the middle of the basin; and, the Sanford, 
which occurs along the southeastern boundary of the basin.  The formations are divided 
based on a lateral progression away from the western boundary of the basin rather than a 
vertical sequence.  All three formations belong to the Triassic aged Newark Supergroup.  
The Durham sub-basin is composed of bedrock of the Pekin formation which consists of 
arkosic sandstones, siltstones, and mudstones (Stewart, Ballard, and Black, 1989; Huber 
and others, 1993).  Within the Durham sub-basin, the bedrock is informally referred to as 
"Lithofacies Association I, II or III" (Huber and others, 1993).  The total thickness of 
sedimentary rocks is estimated to be approximately 6,000 feet.  Within the Durham sub-
basin, the sedimentary rocks are generally characterized as massively bedded, 
approximately 15 feet thick, dipping towards the east at 20 to 30 degrees.  Some thinner 
beds, approximately four to six feet thick, may be present in localized areas (Hoffman 
and Gallagher, 1989). 
 

2.1.2 Site Geology 
 
The northwestern boundary of the Durham Basin is estimated to be approximately five 
miles northwest of the landfill and the southeastern boundary is over 15 miles southeast 
of the landfill (Stewart, Ballard, and Black, 1989).  No fault has been identified along the 
northwestern boundary of the basin.  The Jonesboro Fault along the southeastern 
boundary of the basin is over 15 miles southeast of Durham, North Carolina.  An 
unnamed, normal block-type fault occurs approximately 10 to 12 miles southeast of the 
site as noted on the Southeast Durham Geologic Quadrangle (Hoffman and Gallagher, 
1989).  The bedrock underlying the site consists of mudstone, siltstone, and sandstone, 
based on observations reported in published reports for the Durham sub-basin (Fleck and 
White, 1989).  The overburden is typically saprolite, formed from the weathering of the 



Water Quality Monitoring Plan  S&ME Project No. 1054-07-469 
City of Durham Closed MSWLF- Durham, North Carolina June 9, 2009 

 

3 

bedrock.  Saprolitic soils generally resemble the original parent material in texture and 
composition of the more resistant minerals (e.g., quartz). 
 

Soils 
The soils around the landfill consist principally of White Store sandy loams in the upland 
areas (north, south, and east of the landfill), and Chewacla and Wehadkee soils near 
Ellerbe Creek (west of the landfill).  Also present are Roanoke soils to the southwest and 
north west, Altavista silt loams, and Creedmoor sandy loams (Soil Survey of Durham 
County).  The White Store, Altavista, and Creedmoor soils are all upland soils, occurring 
at the higher elevations and on slopes.  The White Store soils are typically moderately 
well drained, low permeability, and high shrink-swell capacity and weather from Triassic 
mudstone.  The Altavista soils are formed from weathered Triassic mudstone and 
generally have a finer texture than the White Store soils.  These soils have hydraulic 
properties similar to the White Store soils and a lower shrink-swell capacity.  The 
Creedmoor soils are also formed from weathered Triassic mudstone and have a similar 
texture as the White Store soils but with a lower shrink-swell capacity.  The higher 
shrink-swell capacity of the White Store soils can result in cracks in the soil at the 
surface.  These cracks typically extend only into the B-horizon, where the shrink swell 
cycle is less frequent and soil from the overlying A-horizon is deposited through 
illuviation.  The principal effect of the higher shrink-swell capacity is to increase the 
infiltration rates.  The Chewacla-Wehadkee association and the Roanoke soils occur on 
flood plains and consist of somewhat poorly drained loamy soils with low to moderate 
permeability.  These soils are typically formed from alluvial deposits and not from 
weathering of the underlying bedrock.  The groundwater table in these soils is typically 
high, between one and two feet beneath the surface. 
 

Saprolite 
The City of Durham Closed MSW landfill site is underlain by greater than 80 feet of 
saprolite and weathered rock in the eastern portion of the site with a gradational transition 
zone of soil and weathered rock to competent rock, based on site boring logs.  In the 
western portion of the site, in the floodplain near Ellerbe Creek, the saprolite is 
approximately 25 feet thick.  Based on soil borings from the original monitoring wells 
MW-3, MW-4, and test borings P-l, P-2, P-3, P-4, and MW-2, the unconsolidated 
overburden at the site consists of sediments derived from the weathering of the 
underlying Triassic aged mudstones and siltstones of the Pekin Formation (MP 1994).  
The saprolite consists primarily of fine sand to silt with minor percentages of medium-
sand and clay.  Based on the boring logs, there does not appear to be any laterally 
continuous, well-defined layers of clay.  The saprolite is consistently composed of fine-
sand to silt which is a typical weathering product of siltstone. 
 

Bedrock 
The bedrock units underlying the site belong to the Pekin Formation, which consists of 
arkosic sandstones, siltstones, and mudstones (Stewart, Ballard, and Black, 1989; Huber 
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and others, 1993).  The Pekin Formation has been locally sub-divided into three 
lithofacies associations (Huber and others, 1993).  Contact between the lithofacies is 
gradational, and the landfill is located near the gradational contact between Lithofacies I 
and II.  No mappable faults have been identified within the area of the landfill.  The 
closest mappable fault is the Jonesboro Fault located approximately 15 miles southeast of 
Durham, North Carolina and an unnamed, normal block-type fault approximately 10 to 
12 miles southeast of the site.   
 

2.1.3 Site Hydrogeology 

Surface Water 
Surface water features appear to influence local groundwater flow around the landfill.  
From previous sampling events groundwater has been observed to flow in a radial 
direction away from the landfill toward surface water features to the northwest, west, and 
southwest.  The dominant surface water feature is Ellerbe Creek, which flows past the 
western border of the landfill.  Ellerbe Creek is a major tributary of the Neuse River and 
serves as the principal drainage basin in the area around the landfill.  Intermittent streams, 
which are tributaries of Ellerbe Creek, are located near the northern and southern edges 
of the landfill.   
 
The stream to the north branches at the northeast corner of the landfill, with one branch 
extending to the southeast, partially encircling the landfill.  The headwater of this branch 
is a pond located approximately 550 feet east of the landfill edge.   
 
The intermittent stream to the south of the landfill acts as a surface drainage feature for 
the low-lying wetland areas that encircle the landfill along the southern and southeastern 
compliance boundaries see Figure 2. 
 

Groundwater 
The water table aquifer at the landfill is contained within the saprolite and the underlying 
transition zone to unweathered bedrock.  The saprolite consists primarily of sand which 
would have a higher permeability and transmissivity than the underlying bedrock.  
Studies performed on the hydraulic effects of remnant structure within saprolite units 
indicate that remnant structures influence groundwater flow.  These studies indicate that 
groundwater flows preferentially along remnant structures within the saprolite such as 
foliated zones (Fleck and White, 1989) or, as may be the case of the City of Durham 
Closed MSW landfill, along more permeable layers derived from weathering of coarser-
grained bedrock.   
 
The bedrock underlying the landfill consists of massively bedded mudstone, sandstone, 
and siltstone and has been noted to contain only minor fracturing.  Based on this 
information, the dominant groundwater flow path should be horizontal, through the more 
permeable saprolite and transition zone.  Groundwater elevations from on-site wells and 
surface water elevations provide information on groundwater flow direction.  The 
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regional direction of groundwater flow in this area appears to be to the west toward 
Ellerbe Creek.  There also appears to be a local groundwater flow component toward the 
streams adjacent to the landfill and away from the pond east of the landfill.  This results 
in a general radial flow direction away from the landfill and toward the streams leading to 
Ellerbe Creek.  Groundwater flow near the western and northern boundary appears to be 
west-northwest, toward Ellerbe Creek and its unnamed tributary north of the landfill.  On 
the northeast and east side of the landfill, groundwater flow appears to be to the 
northeast, toward the stream on the northeast side of the landfill.  Along the southern 
border of the landfill, groundwater flow appears to be in a south-southwest direction, 
toward the perennial stream located south of the landfill. 
 

Hydraulic Conductivity and Groundwater Flow Velocity 
As described in the City of Durham Sanitary Landfill Water Quality Monitoring Plan, 
(MP 1994) in-situ hydraulic conductivity (slug tests) were conducted in three monitor 
wells in March 1994 (MW-2, MW-3 and MW-4).  Based on these tests, the hydraulic 
conductivity varied between 8x10-5 cm/sec (centimeters per second) to 4x10-3 cm/sec. 
 
In May 2008 S&ME, Inc. conducted in-situ hydraulic conductivity (rising head tests) in 
monitoring wells MW-2, MW-3R, MW-4R, MW-5, MW-7R, MW-8, and MW-9R. 
Rising head tests were conducted to estimate hydraulic conductivity within the sediments 
in the surficial water bearing zone at those locations.  The test data from the rising head 
tests were analyzed by the Bouwer and Rice Method as described in the May 2008 
Monitoring Report - Semi-Annual Monitoring of Groundwater And Surface Water, July 
30, 2008 prepared by S&ME, Inc. (S&ME, July 2008).  The calculated hydraulic 
conductivity (K) values at the site ranged from 4.59x10-5 cm/sec to 3.48x10-4 cm/sec.  
Results of the rising head tests are presented in Appendix I. Corresponding hydraulic 
conductivity (K) values are summarized in Table 1. 
 
The horizontal groundwater flow velocity within the monitored zone of the uppermost 
aquifer beneath the facility was estimated based on the measured hydraulic conductivity, 
assumed effective porosity based on grain size, and a hydraulic gradient established from 
existing wells using the following modified Darcy equation:  
 

V = Ki/ ne
 
Where:  V = average seepage velocity (feet/year),  

K = hydraulic conductivity (feet/year),  
i = horizontal hydraulic gradient, and  
n = effective porosity.  

 
The horizontal gradient was taken from the static water levels measured during the 
November 2008 semi-annual monitoring event (S&ME, February 2009).  Although water 
levels, and corresponding hydraulic gradients, vary seasonally, the November 2008 water 
levels are similar to previous sampling events and may be considered representative for 
the site. 



Water Quality Monitoring Plan  S&ME Project No. 1054-07-469 
City of Durham Closed MSWLF- Durham, North Carolina June 9, 2009 

 

6 

Effective porosity (n) was taken from published values of porosity for sands and silts.  
For a conservative estimate (higher flow velocity), the lower range of porosity was used.  
The reported values of porosity for sand range between 0.20 and 0.35 (EPA 625/6-87-
016, and Fetter, 1980).  To provide a higher estimated flow velocity, the n of 0.2 was 
used.   
 
Based on the available data, groundwater flow velocity for the wells range from a low of 
5.38 ft/yr (feet per year) at MW-7R to 45.88 ft/yr at MW-8.  Estimated groundwater flow 
rates are summarized on Table 2. 
 

2.2 GROUNDWATER MONITORING SYSTEM 

2.2.1 Monitor Well Network 
 
The facility’s monitoring network consists of sixteen (16) monitor wells/piezometers.  Of 
the 16 wells/piezometers at the site, nine (9) are used to measure water levels only (MW-
3R, MW-4R, MW-7R, MW-8, MW-10, PZ-2R, PZ-3, PZ-4R, and PZ-6).  These wells 
will remain intact to support future water quality studies.  A copy of the available well 
construction boring records and soil boring logs is included in Appendix II.  Due to the 
age of several monitor wells and lack of historical information, several of the 
well/piezometer boring logs and well construction records could not be found.  However, 
a summary of the construction details for the other monitor wells and piezometers 
installed in the vicinity of the landfill are included and summarized in Table 3.    
 
Monitor wells MW-2 and MW-5 were installed by Law Engineering in 1995.  Monitor well 
MW-4R was installed by Fishburne, Inc. in 1999.  Monitor wells MW-3R, MW-7R, MW-8, 
and MW-9R were installed by NFE Technologies, Inc. in 2004.  Monitor Well MW-10 was 
installed by S&ME, Inc. in August 2008.  Four new monitor wells (MW-11, MW-12, MW-
13 and MW-14) will be installed upon approval of this WQMP by DWM.  A summary of 
the construction details for the monitor wells and piezometers are included in Table 3.  A 
summary of the surveyed northings, eastings and top of casing elevations is included in 
Table 4.  All monitor well and piezometer locations, existing and proposed, are illustrated 
on Figure 2.     
 
The seven (7) wells used to monitor groundwater quality will consist of one up-
gradient/background monitor well (MW-9R) and six (6) down-gradient compliance 
monitor wells (MW-2, MW-5, MW-11, MW-12, MW-13 and MW-14). 
 

• MW-2 and MW-5 are existing wells that are located along the north and 
northwest permitted facility boundary. 

• MW-11, MW-12, MW-13 and MW-14 will be installed along the west permitted 
facility boundary approximately between the facility and Ellerbe Creek. 

• MW-9R is located directly east beyond the eastern compliance boundary of the 
landfill and serves as a background water quality monitoring location. 
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Water Quality Monitoring Network 
Groundwater Sampling Locations 

Background 
Monitor Well 

Compliance 
Monitor Wells 

MW-2 
MW-5 

MW-11* 
MW-12* 
MW-13* 

MW-9R 

MW-14* 
* These wells to be installed upon approval of WQMP 

 
Monitor well MW-9R is located approximately 440 feet up-gradient of the apparent waste 
boundary.  The existing and proposed compliance wells, MW-2, MW-5, MW-11, MW-12 
MW-13 and MW-14 are within the relative point of compliance ranging from 45 feet to 200 
feet from the apparent waste boundary.  The down-gradient monitoring wells appear to be 
located in areas along the primary downgradient components of flow for the landfill and are 
strategically located to enable early detection of groundwater contamination that may 
originate from the landfill and travel in the uppermost aquifer.   
 
The existing wells/piezometers that will be used to monitor groundwater at the site have 
been constructed in accordance with the North Carolina Well Construction Standards (15A 
NCAC 2C .0108) and the requirements of the North Carolina Water Quality Monitoring 
Guidance Document for Solid Waste Facilities.  These wells have been constructed of two-
inch diameter PVC well screen and casing.  The screened section of each well intercepts the 
groundwater table with a PVC well screen with a slot size of 0.010 inch.  The horizontal 
location of the well and the vertical elevation of the top of the casings of all monitor wells 
and piezometers have been surveyed under the direction of a Professional Surveyor, licensed 
in North Carolina to the State Plane coordinate system relative to the NAD 83 control datum 
and to the National Geodetic Vertical Datum (NGVD 29).  A typical monitoring well 
construction detail for a Type II monitoring well is included as Figure 3.  
 

2.2.2  Well Installation Procedures - New Monitor Wells 
 
Future monitor wells constructed at the facility will be Type II wells constructed in 
accordance with the North Carolina Well Construction Standards (15A NCAC 2C .0108) 
and the requirements of the North Carolina Water Quality Monitoring Guidance Document 
for Solid Waste Facilities.  Boreholes will be drilled and the wells will be constructed by a 
North Carolina licensed well driller.  Equipment used for drilling and completion of the 
wells will be properly cleaned prior to use at each location.  At a minimum, this will consist 
of high pressure steam cleaning of the down-hole drilling equipment prior to drilling each 
boring.  Boreholes will be a minimum of six inches in diameter.  Lithologic samples should 
be collected during advancement of the borings for visual classification of the stratigraphy. 
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New monitor wells will be constructed of two inch I.D., NSF Grade PVC (meeting ASTM 
D-178S and F480 requirements) schedule 40 flush-joint threaded casing and 0.01-inch 
machine slotted screen.  Only casing with water-tight joints will be used.  All well 
construction materials will be thoroughly cleaned prior to installation or will be installed 
directly from factory sealed packaging.  Once the borehole has been drilled, the project 
manager will approve the monitoring well construction based on site-specific hydrogeologic 
conditions and the following general criteria: 
 
The upper surficial aquifer monitoring well screen intervals will be 10 to 15 feet in length 
and located so that the estimated seasonal high water table is just below the top of the 
screened interval.  For areas with high groundwater levels (i.e., less than five feet below land 
surface), the top of screen will be placed at a depth of five feet below land surface to allow 
adequate space for a seal and to allow sufficient space for grout and a concrete collar to 
secure the protective casing.   
 
The annular space between the borehole wall and the well casing will be backfilled with 
clean, well rounded, washed, high grade, screen sized #2 silica sand.  The sand pack will be 
placed approximately two feet above the slotted screen using a tremie pipe.  A minimum of 
one foot of sand above the screen may be used where the top of the screen depth is shallow 
to allow for an adequate seal.  The hollow stem augers, if used, will be incrementally 
withdrawn while the filter pack is placed.  The filter pack level will be frequently sounded 
and kept at the base of the augers or temporary casing until the desired length of filter pack 
is in place. 
 
A minimum of one foot pelletized bentonite seal will be placed above the filter pack and 
appropriately hydrated with clean water.  The bentonite seal will be placed with a tremie 
pipe unless conditions prevent such use.  The bentonite pellets will be carefully tamped 
into a wet, cohesive clay mass before placement of the grout seal.  Care will be taken so 
that the augers or temporary steel casing is withdrawn above the top of the pellets to 
prohibit the bentonite pellet seal from sticking to the auger or casing.   
 
The remainder of the annular space will be filled with a cement grout from the top of the 
bentonite seal to near (approximately three feet below) ground surface.  The grout will be 
slowly pumped through a tremie pipe at a constant rate to prevent dilution or differential 
settling.  The cement is to be mixed with six gallons of potable water for each 94 pound 
sack of Type I Portland cement.  No aggregate materials are to be included in the slurry.  
The tremie pipe will be removed as the grout is placed in the borehole.  Subsequent to set 
up, additional grout may be required for "topping off" the grout seal to near ground 
surface.  After grouting, no work will be permitted on the well for a minimum of 24 
hours while the grout is setting.   
 
A four inch square steel protective casing with a locking cap will be placed over the well 
riser pipe.  The protective casing will extend no more than three feet above ground 
surface.  The protective casing will be placed on the well casing following the initial 
grouting.  The protective casing will be sealed and immobilized in a concrete pad placed 
around the protective casing.   
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The protective casing will be primed, painted, and provided with a permanently affixed 
name plate with the following information as required in the well standards: 
 

• Well identification number 
• Driller registration number 
• Total depth of well 
• Depth of screen interval 
• Depth to groundwater following well completion 
• A warning that the well is not for water supply and that the 

groundwater may contain hazardous materials 
 

A concrete slab or pad sloping gently away from the well in all directions will be 
constructed.  The slab will serve as anchorage and to prevent surface water from 
migrating along the wall of the casing.  The concrete pad dimensions will be at a 
minimum 2 feet wide by 2 feet long by 4 inches thick. 
 
The location, installation methods, and construction details of the wells may be modified 
depending on field conditions (i.e. shallow groundwater).  Any modifications, other than 
for high groundwater conditions, will be discussed with NC Solid Waste Section prior to 
the construction of the monitoring well requiring modifications.   
 
The groundwater monitoring system described in these plans will be installed under the 
supervision of a geologist or engineer licensed to practice in the State of North Carolina.   
 
The following information will be recorded during the construction of wells and maintained 
by the owner: 
 

• Name of driller, identification of drill rig 
• Date of construction 
• Drilling method 
• Borehole diameter and well casing diameter 
• Well depth (±0.1 ft.) 
• Drilling logs (including lithology) 
• Casing materials 
• Casing and screen materials and design 
• Filter pack material, size, volume and placement method 
• Sealant materials, volume, and placement method 
• Surface seal design/construction 
• Well development procedures 
• Type of protective well casing 
• Well location (±0.5 ft.), ground surface and top of casing (TOC) 

elevation (±0.01 ft.) 
 
All monitor wells installed at the facility shall be constructed by a well driller certified by 
the North Carolina Well Contractors Certification Commission (ref. NCAC 15A 27) and 
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shall be constructed in accordance with North Carolina Well Construction Standards (ref. 
NCAC 15A 2C).  All monitor wells installed at the facility shall be surveyed under the 
direction of a Professional Surveyor licensed in North Carolina relative to the State Plane 
coordinate system referenced to the NAD 83 datum and the National Geodetic Vertical 
Datum (NGVD 29). 

2.2.3 Well Development 
 
Following well installation, new monitoring wells will be developed using a bailer, pump, 
surge block, or combination of these instruments to remove clay, silt, sand and other fine 
materials that may have been introduced into the formation or sand pack during drilling and 
well installation.  Proper well development will also establish equilibrium of the well within 
the aquifer.  Well development will be performed no sooner than 24 hours after well 
construction is complete and will continue until the suspended solids are removed from the 
sand pack and well, and until turbidity is reduced to acceptable levels, if possible. 
 
Due to the nature of saprolitic aquifers, zones of naturally high turbidity do exist within 
water table aquifers throughout the southeastern United States, which may not be attributed 
to the influence of the landfill.  These zones often exist along localized rapid transitional 
boundaries within the aquifer between areas of high hydraulic head to areas of low hydraulic 
head.  It is important to note that in some instances the selected location for a newly installed 
groundwater monitoring well may be situated within a naturally turbid zone within the 
uppermost pervasive aquifer.  If this case is encountered during future well installations and 
efforts to reduce the turbidity within the well fail, and it is deemed that the natural turbidity 
may affect the groundwater quality results from that location, a new location will be selected 
and a new monitoring well installed.  
 

2.2.4 Well Maintenance 
 
The wells and surrounding area will be maintained in such a way to ensure access to the 
wells for sampling and to maintain the integrity of the wells.  The monitoring wells will be 
accessible by at least a four-wheel drive vehicle.  Brush and weeds will be cleared from 
around the wells (minimum of 10-foot radius).  The well protective casings will be painted 
with high visibility color paint.  Surface water run-off controls will be installed, where 
necessary, to prohibit erosion of or undermining of the concrete pads.  The concrete pads 
will be monitored at least semi-annually for integrity and repairs performed as needed.  At 
each monitoring well, the following items will be checked regularly to ensure the wells 
are properly maintained: 
 

• Surface water is diverted away from the well head. 
• The concrete pad is intact and free of cracks. 
• Surface water has not undercut the concrete pad. 
• The outer casing is secured and locked. 
• The well identification tag is legible. 
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• The grout between the inner and outer well casings is all the way to the 
ground surface. 

• The inner well casing is firmly grouted in place. 
• The inner and outer well casings remain upright and unobstructed. 
• Monitoring wells are visible and adequately protected from moving 

equipment and obstruction due to brush and weeds. 
 
Additional inspection items, which should be performed at the time of sample collection, 
are described in Section 3.4.7. 

2.2.5 Well and Piezometer Abandonment 
 
Well abandonment for any well at the site will be conducted in accordance with 15A 
NCAC 2C, Part .0113 (a) (2) of the Well Construction Standards.  Abandonment will be 
accomplished by disinfecting the well 24 hours prior to injecting a cement grout slurry 
from the bottom of the well to the top by means of a tremie pipe.  Any casing installed in 
the boring will be left in place with the top cut level to existing grade and a flush mount 
cover installed over the abandoned well. 
 

2.2.6 Dedicated Sampling Equipment 
 
The water quality monitoring network for the City of Durham MSW landfill utilizes 
permanently affixed down-well and well head components that are capped after initial 
set-up.  The dedicated monitoring system is comprised of an in-well, submersible bladder 
pump, air supply tubing and sample discharge tubing.  An above-ground, portable 
compressor (or a compressed gas supply) and a portable controller are used to regulate of 
flow rates and volumes.  The pump and all tubing housed within the well should be 
composed of polyethylene, Teflon or stainless steel components. This includes seals 
inside the pump, the pump body, and fittings used to connect tubing to the pump.  The 
pump consists of a bladder and an exterior casing or pump body that surrounds the 
bladder and two (2) check valves.  Specifications for the dedicated sampling systems are 
provided in Appendix III.  
 
The purpose of low-flow purging and sampling is the recovery of representative samples 
of the water in the formation adjacent to the well screen. Stagnant water above the screen 
and below will not usually be purged or sampled.  To ensure representative sampling, the 
intake of the pump should be positioned at the midpoint of the screened interval.  The 
dedicated bladder pump will be used for both purging and sampling, position the pump 
midway between the measured water level and the bottom of the screen.  Otherwise, 
position the pump or intake hose near the top of the water column.  Any revisions to the 
dedicated monitoring systems must be approved by the DWM, Solid Waste Section 
before installation. 
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2.2.7 Surface Water Sampling  
 
Several surface water features are located in the vicinity of the City of Durham closed 
MSW landfill.  Currently surface water is not sampled to monitor water quality to detect 
a release from the landfill into the uppermost aquifer.   
 

2.2.7.1 Surface Water Bodies  
Two intermittent streams run contiguous to the property and discharge into Ellerbe Creek 
approximately 150 feet from the property boundary.  The northern stream is the 
confluence of two intermittent streams that flow from storm water detention ponds, both 
of which are located off-site.  The northern stream passes through the compliance 
boundary for approximately 2,000 feet.  The southern stream also originates from an off-
site storm water detention pond and it passes through the southern compliance boundary 
for a distance of approximately 1,500 feet, receiving discharge from an on-site storm 
water detention basin located at the southern edge of the compliance boundary.  Ellerbe 
Creek runs along the western side the landfill.   
 
The water quality monitoring network designed as part of the original water quality 
monitoring plan (MP 1994) included sampling surface water locations at the site.  This 
included two sampling locations (upstream and downstream of the facility) along Ellerbe 
Creek and two sampling locations along the intermittent stream along the northern 
compliance boundary of the facility.   
 
Since semi-annual monitoring began in 1995, water has been present sporadically in the 
northern, intermittent stream during regular sampling events (S&ME, February 2008).  
Intermittent stream flow greatly reduces the likelihood of collecting samples 
representative surface water quality.  Stagnant pools that form along the stream channel 
after stream flow is interrupted often result in accumulation of high metals concentrations 
within stream bed sediments as well as high total suspended solids.  Later when flow is 
restored to the stream, the concentrated metals and suspended solids stored in the stream 
bed sediments are reintroduced to stream flow and can result in false positive results.  
Therefore, surface water sampling at these locations has been terminated.   
 
In the vicinity of the Durham MSW landfill, Ellerbe Creek drains north Durham and is 
the most impervious watershed draining into Falls Lake (ECWA, 2003).  Ellerbe Creek 
has been channelized (deepened and straightened) several times in the past an attempt to 
alleviate flooding. In August 1961, a Corps of Engineering Channel improvement project 
was completed on Ellerbe Creek from the mouth upstream to about Bellevue Avenue. 
(USACE, 1978).  
 
The water quality monitoring performed by NCDENR and City of Durham Stormwater 
Services concludes that Ellerbe Creek suffers from many of the same water quality 
problems found in urban creeks around the country.  Stream water quality is considered 
by NCDENR as not supporting (NS) its designated uses (recreation, fishing, and wildlife 
propagation and survival) and Ellerbe Creek is on the state’s 303(d) list of impaired 
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streams from its source to Falls Lake.  Chemical monitoring has shown elevated levels of 
iron, copper, and zinc, and elevated conductivity was measured prior to sampling 
(NCDENR 2001).  Nutrient concentrations and dissolved oxygen levels at the Fall’s Lake 
monitoring station improved slightly from the 1998 to 2001 (NCDENR 2001).  This 
improvement is partially attributed to improvements at the North Durham Water 
Reclamation Facility (NDWRF), which has a permitted flow capacity of 20 mgd. Benthic 
communities observed downstream of the NDWRF are slightly better than immediately 
upstream.  This is in part due to the diluting effect NDWRF achieves by continually 
adding treated water to the streams’ end line of Durham’s urbanized areas. 
 

2.2.7.2  Surface Water Sampling Procedures 
If the need would arise to conduct surface water sampling at the facility, the following 
surface water sampling guidelines should apply.  The following sampling procedures are 
referenced from "EPA Standard Operating Procedures" and "North Carolina Solid Waste 
Section Guidelines for Groundwater, Soil, and Surface Water Sampling” (NCDENR, 
April 2008). 
 
The actual sampling point in the stream or creek will be in an area of relatively low 
turbulence and aeration.  The sampling point will not be located at a constriction (where 
creek narrows), immediately upstream or downstream of a confluence with a tributary, 
nor immediately upstream or downstream of any significant structure in the creek that 
may result in turbulence.  To the extent possible, a single grab sample will be taken at 
mid-depth, at the center of the channel, in an area that exhibits the greatest degree of 
cross-sectional homogeneity.  Direct dipping of the sample container into the creek is the 
most desirable method of collection but a laboratory cleaned stainless steel, PVC or 
Teflon bailer, or dipper may be used.  The sample container should be rinsed with the 
water to be sampled prior to filling the container, unless preservatives have been added.  
The sample container, bailer or dipper will be lowered to the desired depth in the creek 
and the sampling device or container removed.  Care should be taken not to allow 
sediment or other debris to enter the sample container.  If the stream flow is not deep 
enough to submerse the sample container in the water, a temporary depression may be 
created and used to collect the sample.  After the sample has been collected, the sample 
container should be lifted from the water or the sample poured directly into the sample 
container (if the sample container is not used to collect the sample).  The containers for 
volatile organic samples should be filled to the top without bubbles or headspace.  The 
containers should be placed in protective cooler with ice for shipping.  Surface water 
sample results should be compared to applicable North Carolina Surface Water Quality 
Standards.  
 

2.2.8 Leachate/Condensate Sampling  
 
Neither leachate nor condensate are currently sampled at the City of Durham closed 
MSW landfill.  If the need would arise to conduct leachate/condensate sampling at the 
facility, the following guidelines should apply.  
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To the extent possible, leachate/condensate should be sampled simultaneously during the 
regular semi-annual sampling event.  A single grab sample shall be taken at mid-depth, at 
the center of the water column, in an area that exhibits the greatest degree of cross-
sectional homogeneity. Direct dipping of the sample container into the sump/well head is 
the most desirable method of collection, but a laboratory cleaned Teflon bailer or dipper 
may be used.  The sample container should be rinsed with the water to be sampled prior 
to filling the container, unless preservatives have been added.  The sample container, 
bailer or dipper shall be lowered to the desired depth in the sump/well head and the 
sampling device or container removed.  Care should be taken not to allow sediment or 
other debris to enter the sample container.  If the liquid level is not deep enough to 
submerse the sample container in the water, a temporary depression may be created and 
used to collect the sample.   
 
After the sample has been collected, the sample container should be lifted from the water 
or the sample poured directly into the sample container minimizing aeration and turbulent 
flow during the fluid transfer (if the sample container is not used to collect the sample).  
The containers for volatile organic samples shall be filled to the top without bubbles or 
headspace.  The containers should be placed in protective cooler with ice for shipping. 
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3.0 SAMPLING AND ANALYSIS PLAN 

3.1 HEALTH AND SAFETY 
 
A site specific Health and Safety Plan (HASP) should be developed appropriate for the 
sampling activities and the expected chemical constituents.  This section of the WQMP is 
not a HASP, but is intended to provide minimum guidelines to protect the sample 
collector from potential exposure to sample constituents, minimize accidental 
contamination of samples by the collector, and preserve accurate tare weights on 
preweighed sample containers.  Sampling personnel should implement all local, state, and 
federal requirements relating to health and safety and should follow all local, state and 
federal requirements pertaining to the storage and disposal of any hazardous or 
investigation derived wastes.   
 
Protective gloves should be worn when conducting all sampling activities. 
 

• Do not let gloves come into contact with the sample or with the interior or lip 
of the sample container.  Use clean, new, unpowdered and disposable gloves. 
Various types of gloves may be used as long as the construction materials do 
not contaminate the sample or if internal safety protocols require greater 
protection. 

• Note that certain materials that may potentially be present in sample media 
which can pass through certain glove types and be absorbed in the skin.  
Sampling personnel should choose gloves with adequate manual dexterity and 
the proper permeability for the circumstances under which they will be used.  
Powdered gloves are not recommended unless it can be demonstrated that the 
powder does not interfere with the sample analysis. 

• Change gloves after preliminary activities, after collecting all the samples at a 
single sampling point, if torn or used to handle extremely dirty or highly 
contaminated surfaces. Properly dispose of all used gloves as investigation 
derived wastes. 

 
Properly manage all investigative derived waste (IDW). 
 

• To prevent contamination into previously uncontaminated areas, IDW should 
be properly managed.  This includes all water, soil, drilling mud, 
decontamination wastes, discarded personal protective equipment (PPE), etc. 
from site investigations, exploratory borings, piezometer and monitoring well 
installation, refurbishment, abandonment, and other investigative activities. 
Manage all IDW that is determined to be RCRA-regulated hazardous waste 
according to the local, state and federal requirements. 

• Properly dispose of IDW that is not a RCRA-regulated hazardous waste but is 
contaminated above the Department’s Soil Cleanup Target Levels or the state 
standards and/or minimum criteria for ground water quality.  If the drill 
cuttings/mud or purged well water is contaminated with hazardous waste, the 
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DWM, Hazardous Waste Section (919-508-8400) should be consulted for 
disposal options.  Containers holding IDW should be maintained in good 
condition.  Containers should be periodically inspected for damage and to 
ensure that all required labeling (DOT, RCRA, etc.) is clearly visible. 

 

3.2 SAMPLE LOCATIONS 
 
The groundwater monitoring system consists of seven (7) groundwater monitor wells.  
The downgradient monitoring network (i.e., compliance wells) will include six 
groundwater monitor wells (MW-2, MW-5, MW-11, MW-12, MW-13 and MW-14).  The 
up-gradient (i.e. background) water quality will be monitored in one well (MW-9R).  All 
monitor wells are or will be installed in the upper-most aquifer.  In addition to the seven 
water quality monitoring wells, nine additional wells/piezometers will be available for 
water level measurements.  The locations of the monitor wells and piezometers which make 
up the water quality monitoring network are depicted on Figure 2. 
 

3.3 SAMPLE FREQUENCY 
 
The routine monitoring frequency for the sample locations identified for water quality 
monitoring will be on a semi-annual basis for 30 years post-closure.  For each year, one 
sampling event will be in the spring and the second in the fall, approximately six months 
apart. 
 

3.4 SAMPLING PROCEDURES 
 
Development, purging and sampling equipment are selected so that all materials are 
compatible with the sample parameters and comply with state and federal regulatory 
requirements for sampling.  Positive-gas-displacement, pneumatic bladder pumps are or 
will be installed in each monitoring well as dedicated purging and sampling systems. 
 
As previously described, surface water samples are not currently conducted at the City of 
Durham’s Closed MSWLF.  If the need would arise to conduct surface water sampling at 
the facility, surface water sampling should also follow these guidelines.  In addition, 
surface water samples (if necessary) shall be collected in decontaminated open top 
stainless steel containers or collected directly into laboratory supplied sample bottles.   
 
In the event that non-dedicated equipment is used (i.e., reusable water level meters or  
development pumps), purging and sampling equipment will be cleaned between wells in 
accordance with standard EPA approved cleaning procedures for field equipment. 
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Sampling activities for wells will consist of the following steps: 
 

• Equipment decontamination (water level meter) 
• Initial well inspection  
• Groundwater level measurements 
• Well purging 
• Field measurements 
• Sample withdrawal 

 
Sampling activities for surface water (if necessary) will consist of the following steps: 
 

• Equipment Decontamination (where applicable) 
• Sample collection 
• Field measurements 

 
These activities are listed in the order in which they will be conducted.  The first 
activity for the wells will be to measure the groundwater levels and evacuate the wells, 
as described in Section 3.4.4.  All water levels will be measured and wells evacuated 
prior to collecting the water quality samples.  Due to the number of wells to be sampled, 
it may require two days to sample all the wells.  In this event, only the wells that will be 
sampled that day will be evacuated; however, water levels for all of the wells will be 
obtained the same day.   
 
After the wells have been evacuated, samples will be collected as described in 
Section 3.4.6.  Sample collection will start with the first well that was evacuated and 
will continue in order of evacuation.  The evacuation and sampling order will be 
conducted from the least contaminated well to the most contaminated well based on 
historical laboratory results. 
 

3.4.1 Equipment Decontamination 
 
Sampling equipment decontamination will not be required for wells with dedicated 
bladder pumps installed; however, for any wells sampled with a non-disposable bailer, 
the equipment decontamination procedure will consist of the following steps: 
 

• Phosphate-free soap wash 
• Deionized water or distilled water rinse 
• Isopropyl alcohol rinse 
• Deionized water or distilled water rinse 
• Air dry 
• For storage, wrap equipment in aluminum foil (shiny side out) 
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The water level indicator will be decontaminated in the field between uses at each well.  
Decontamination for the water level indicator will consist of the following steps: 
 

• Phosphate-free soap wash. 
• Deionized water or distilled water rinse. 
• Air dry. 

3.4.2 Initial Inspection 
 
The sampling area around the wellhead should be prepared and an initial inspection of the 
well should be conducted prior to sampling. Special effort should be taken to prevent 
cross contamination or environmental contamination.  Fuel-powered equipment, and any 
other support equipment which might impact sample quality should be placed away from 
sampling activities (e.g., purging, sampling, decontamination) in the downwind direction. 
 

1. Remove the well cover and remove all standing water around the top of the well 
casing (manhole) before opening the well. 

2. Inspect the exterior protective casing of the monitoring well for damage. 
Document the results of the inspection if there is a problem. 

3. Place a protective covering around the well head. Replace the covering if it 
becomes soiled or ripped during sampling. 

4. Inspect the well lock and determine whether the cap fits tightly. Replace the cap if 
necessary. 

Observations, including site conditions, personnel, equipment, etc. should be recorded in 
the field logbook, or sample data collection form, and repairs should be made as 
necessary to maintain integrity of the well and the dedicated sampling equipment.   
 

3.4.3 Groundwater Level Measurements 
 
Groundwater levels will be measured in all monitoring wells during each semi-annual 
groundwater monitoring event, before the monitoring wells are purged.  An electronic 
water level indicator will be used to measure depth to groundwater.  The water level 
meter will be decontaminated between well measurements in accordance with Section 
3.3.1.  The water level indicator will be capable of accurately measuring depth to 
groundwater to the nearest 0.01 foot.  All measurements will be recorded to the nearest 
0.01 foot.  The water level will be measured from the top of the PVC well casing.  After 
the measurement is made, the water level probe and lead will be cleaned with a detergent 
and potable water solution, and rinsed with clean deionized or HPLC water.  
 
Total well depth measurements (bottom of well) have been taken at each of the existing 
monitor wells.  Total well measurements should not be taken during sampling events at 
monitor wells equipped with dedicated bladder pumps, or other low flow sampling 
equipment.  Attempts to collect total depth measurements at wells with dedicated 
sampling equipment may damage the sampling equipment, wedge the measurement tools, 
or unnecessarily agitate water inside the well. 
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If a well is to be sampled, which is not equipped with dedicated sampling equipment, 
total depth measurements should be taken using decontaminated sampling equipment to 
calculate the volume of water in the well as described in Section 3.4.4.  
 

3.4.4 Well Evacuation 

3.4.4.1   Dedicated Sampling Equipment 
Well evacuation and sampling at the City of Durham closed MSW landfill will be 
accomplished by low flow sampling using dedicated, submersible bladder pumps as 
described in Section 2.2.6 in conjunction with a flow through cell and water quality 
analyzer to continually measure field parameters.  Specifications for the dedicated 
sampling system are also provided in Appendix III.   
 
The low flow sampling technique is most representative of the water in the formation 
adjacent to the well screen when the pump discharge does not drawdown the water level 
within a well.  Water levels should be measured during well purging to determine 
drawdown of water within the well.  The pumping rate should be adjusted in an attempt 
to match the natural groundwater flow velocity to reduce or negate drawdown in the well.  
If water levels are drawn down, the stagnant water portion of the well can become mixed. 
If this occurs, a modified low flow philosophy should be employed. 
 
Water should be purged from the screened interval of the well at a low flow rate ≤0.1 
liter/minute.  If large volumes of groundwater are needed for analyses, sampling time can 
be increased while pumping at the low flow rates, or if well yield is adequate, the flow 
rate may be increased up to ≤1 liter/min. 
 
Representative Sample Volumes - When purging a well that has the pump intake within 
a fully submerged well screen the, and drawdown of water within the well does not cause 
mixing of the stagnant water portion of the well, the following volumes will removed: 
 

• A minimum of one (1) volume of the pump, associated tubing and flow cell (if 
used) prior to collecting measurements of the field parameters.  

• Field parameter measurements should be taken no sooner than two (2) to three 
(3) minutes apart.  

• At least three (3) volumes of the pump, associated tubing and flow cell (if 
used) should be purged prior to collecting a sample.  

 
Modified Low Flow Sample Volumes - If water levels are drawn down, and it is 
suspected that the stagnant water portion of the well has become mixed with 
representative samples from the natural formation, the following well volumes will be 
removed: 
 

• A minimum of one (1) equivalent well volume is removed prior to measuring 
the indicator parameters.   
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• Field parameter measurements should be taken no sooner than two (2) to three 
(3) minutes apart. 

 
Indicator parameters are recorded until stabilization is achieved (Section 3.4.5) and 
samples are collected (Section 3.4.6).   
 

3.4.4.2  Portable Sampling Equipment 
The following technique will be employed when samples are collected from a 
groundwater monitor well which is not equipped with dedicated, low flow sampling 
equipment.   
 
Water level measurements will be performed to determine the groundwater elevations 
and to calculate the volume of standing water in the well.  All depth and water-level 
measurements will be referenced to the top of the well casing (inner PVC casing) and 
recorded to the nearest one-hundredth of a foot.  Total well depth and water level 
measurements will be made with an electronic measuring device graduated in feet to the 
nearest ±0.01 of an inch.  The depth and water level are used to determine that the well 
has not filled with silt and to calculate the volume of standing well water.  The volume of 
well water (in gallons) is calculated using the following equation: 
 

V = h x πr2 X (7.48052 gal/ft3) 
where V = volume of standing water (gallons) 

h = height of standing water (feet) = casing depth - water level 
r = radius of well casing (feet) 

 
The well depth, water level measurement, and calculated well volume will be recorded in 
a dedicated field book.  After the water level measurements are made, a minimum of 
three (3) well casing volumes of groundwater will be purged from the wells.  If the well 
is purged dry before the three casing volumes are removed, the well will be allowed to 
recover to within 90 percent of its original level within 24 hours before sampling without 
additional bailing.   
 

3.4.5 Water Quality Field Measurements 
 
A multi-parameter water quality monitoring instrument will be used to measure field 
indicator parameters for establishing representative groundwater.  These instruments 
should be calibrated with reference standards prior to and after each sampling day.  
Calibration results will be recorded in the field book or sample data collection form.   
 
Field measurements of chemical parameters will be taken to indicate when purging is 
complete and sampling may begin.  The measurements may be made periodically in 
accordance with the sample volumes indicated in Section 3.4.4.1, or preferably on a 
continuous basis using a multi-parameter probe installed in a flow cell connected to the 
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outlet of the well pump.  The static water in the pump and delivery tubing are removed, 
then pumping and monitoring continues until the chemical parameters have stabilized.  
 
The following criteria define stabilization: 

 
Temperature: ± 0.2° C 
pH:  ± 0.2 Standard pH Units 
Conductivity:  ± 5% of prior reading 
Dissolved Oxygen:  ± 10% of prior reading or ± 0.2 mg/L, whichever is greater 
Turbidity:  ± 10% prior reading or ± 10 NTUs, whichever is greater 

 
Samples should be collected immediately after purging is complete.  The time period 
between completing the purge and sampling cannot exceed six hours.  If sample 
collection does not occur within one hour of purging completion, re-measure the five 
field parameters: temperature, pH, specific conductance, dissolved oxygen and turbidity, 
just prior to collecting the sample.  If the measured values are not within 10 percent of the 
previous measurements, re-purge the well.  The exception is wells which have been 
purged dry. 
 
The field equipment should be properly calibrated prior to field use, with the calibration 
checked in the field at each sample location.  Field adjustment to the equipment should be 
made as necessary and recorded in the field log.  The principal field equipment will be a 
multi-parameter flow cell which measures pH, conductivity, temperature, dissolved 
oxygen, and turbidity, and a water level indicator.  Calibration logs for the field 
equipment will be maintained by the sampling staff and provided to the DWM on 
request.  Appropriate calibration checks in the field will be recorded on the field logs and 
submitted with the data analysis. 
 

3.4.6 Sample Collection 

3.4.6.1 Groundwater 
Once purging is complete, sampling may begin.  Sampling personnel will wear clean, 
disposable, non-powdered nitrile gloves during sample collection for each well. Unless 
field conditions justify other sampling regimens, samples will be collected in the 
following order: 
 

1. Volatile Organics and Volatile Inorganics 
2. Extractable Organics [semi-volatile organics (SVOCs), organochlorine pesticides 

and PCBs], Petroleum Hydrocarbons, Aggregate Organics and Oil and Grease 
3. Total Metals 
4. Inorganic Nonmetallics, Physical and Aggregate Properties 
5. Biologicals and Microbiologicals 
 

If groundwater samples for metal analysis have a turbidity ≤ 10 NTU, the sample is 
collected and preserved.  If turbidity is > 10 NTU, an additional sample may be collected 
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for dissolved metals to be run separately by the laboratory if a metal is detected above 
groundwater protection standards.  Samples collected for dissolved phase metals analysis 
will be field filtered.  The results of the dissolved phase analysis may indicate the 
occurrence of the suspect metal is a result of high turbidity within the unfiltered sample. 
 
Samples collected for volatile organics analysis will be poured slowly into glass 40-ml 
VOC containers fitted with Teflon caps.  The containers will be filled to the top to 
eliminate headspace or air bubbles.   
Samples collected for metals analysis will be collected in polyethylene containers.  The 
containers are most often plastic bottles containing a small volume of nitric acid 
preservative.   
 
Samples collected for SVOC analysis will be collected following collection of the 
inorganics.  Generally the SVOCs are collected in unpreserved one liter amber bottles.  
These bottles should be rinsed prior to filling.   
 

3.4.6.2 Surface Water 
The following sampling procedures are referenced from "EPA Standard Operating 
Procedures" and North Carolina Water Quality Monitoring Guidance Document for Solid 
Waste Facilities (NCDENR, 1987) and Solid Waste Section Guidelines for Groundwater, 
Soil, and Surface Water Sampling (NCDENR, April 2008).  As previously described, 
surface water samples are not currently conducted at the City of Durham’s Closed 
MSWLF.  If the need would arise to conduct surface water sampling at the facility, the 
following surface water sampling guidelines should apply. 
 
The actual sampling point in the stream or creek will be in an area of minimal turbulence 
and aeration.  The sampling point will not be located at a constriction (where creek 
narrows), immediately upstream or downstream of a confluence with a tributary, nor 
immediately upstream or downstream of any significant structure in the creek that may 
result in turbulence.  To the extent possible, a single grab sample will be taken at mid-
depth, at the center of the channel, in an area that exhibits the greatest degree of cross-
sectional homogeneity.  Direct dipping of the sample container into the creek is the most 
desirable method of collection but a laboratory cleaned stainless steel, PVC or Teflon 
bailer, or dipper may be used.  The sample container should be rinsed with the water to 
be sampled prior to filling the container, unless preservatives have been added.  The 
sample container, bailer or dipper will be lowered to the desired depth in the creek and 
the sampling device or container removed.  Care should be taken not to allow sediment or 
other debris to enter the sample container.  If the stream flow is not deep enough to 
submerse the sample container in the water, a temporary depression may be created and 
used to collect the sample.  After the sample has been collected, the sample container 
should be lifted from the water or the sample poured directly into the sample container 
minimizing aeration and turbulent flow during the fluid transfer (if the sample container 
is not used to collect the sample).  The containers for volatile organic samples will be 
filled to the top without bubbles or headspace.  The containers should be placed in 
protective cooler with ice for shipping. 
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3.4.7 Field Reporting Requirements 
 
The sample collector will record all pertinent information regarding the purging and 
sampling of monitoring wells or surface water samples in a field logbook or sample 
collection data form.  The field data will be recorded and retained in the operating record 
files.  The data will also be submitted to the appropriate State agencies, upon request.  
The information will include the following: 
 

• Identification of well 
• Well depth 
• Static water level depth and measurement technique 
• Presence of immiscible layers and detection method 
• Well yield - high or low 
• Purge volume or pumping rate 
• Sample identification numbers 
• Well evacuation procedure/equipment 
• Sample withdrawal procedure/equipment 
• Date and time of collection 
• Types of sample containers used 
• Identification of replicates or blind samples 
• Preservative(s) used 
• Parameters requested for analysis 
• Field analysis data and methods 
• Sample distribution and transporter 
• Field observations on sampling event 
• Name of collector(s) 
• Climatic conditions including estimate of air temperature 

 

3.5 SAMPLE STORAGE AND TRANSPORT 

3.5.1 Sample Containers and Preservative 
 
All sample containers supplied for the collection of groundwater samples by the 
laboratory are new, pre-cleaned as approved by EPA procedures appropriate for the 
parameters of interest.   Sample containers are kept closed until used.  The laboratory 
performing the groundwater analysis will supply all necessary coolers, pre-cleaned 
containers, trip blanks, chemical preservatives, labels, custody seals, chain-of-custody 
and shipping forms.  Adequate instructions to the laboratory will be given in advance of 
each monitoring event.  Details concerning any changes to the monitoring plan and/or 
procedures will be given to the laboratory in writing prior to the field sampling 
personnel arriving on the site.  A specific contact person will be established at both the 
facility and contract laboratory for communication between the two parties.  Sample 
containers need to be constructed of a material compatible and non-reactive with the 
material it is to contain.  As noted above, the contract laboratory performing the analysis 
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will supply all the required containers.  A complete set of new or pre-cleaned and pre-
labeled sample bottles will be removed from the cooler, and a groundwater sample from a 
laboratory pre-cleaned or disposable, stainless steel, PVC, or Teflon® bailer or tubing 
from a dedicated well pump will be poured into a fresh container.  Preservatives will be 
added as necessary (in accordance with EPA Methods SW- 846) to the sample bottles 
either by the laboratory or in the field immediately prior to sampling.  One trip blank 
prepared by the laboratory will be analyzed for each sampling event. 
 

3.5.2 Sample Labeling 
 
Sample containers are labeled and organized prior to field activities as part of the pre-
sampling staging process.  As samples are actually collected, the sampling personnel 
write the following information directly on the label:  
 

1. sample identification,  
2. sampling date and time,  
3. initials of sample collector.   
4. analysis requested 
5. preservative(s), if any 
6. project/site name, and 
7. any other pertinent information for sample identification. 

 
This information is also recorded in the field book and on the chain of custody (COC) 
record. 
 

3.5.4 Chain-Of-Custody Record 
 
The chain of custody (COC) program allows for tracking the possession and handling of 
individual samples from the time of field collection through laboratory analysis and 
report preparation. Samples are pre-logged prior to sample collection.  This process 
assigns a unique tracking number for each sample and generates corresponding labels. 
 
The COC record accompanies the sample(s), traces sample possession from time of 
collection to delivery to the laboratory(ies) and clearly identifies which sample containers 
have been designated for each requested parameter.  The record includes the following 
types of information: 
 

• Sample identification number 
• Signature of collector 
• Date and time of collection 
• Sample type (e.g., groundwater, immiscible layer) 
• Identification of well 
• Number of containers 
• Parameters requested for analysis 
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• Preservative used 
• Signature of persons involved in the chain of possession 
• Inclusive dates of possession 

3.5.5 Sample Custody, Shipment and Laboratory Receipt 
 
For the purpose of these procedures, a sample is considered in custody if it is: 
 

• In actual possession of the responsible person; 
• In view, after being in physical possession; 
• Locked so that no one can tamper with it, after having been in physical 

custody; or in a secured area, restricted to authorized personnel. 
 

All samples are maintained in the custody of the sampling crew during the sampling 
event.  At the end of each sampling day and prior to the transfer of the samples off-site, 
chain-of-custody entries are completed on the COC for all samples.  Upon transfer of 
custody, the chain-of-custody form is signed (relinquished) by a sampling crew member, 
including the date and time.  All chain-of-custody forms received by the laboratory(s) are 
signed and dated (accepted by) by the respective Supervising Scientist(s) or the 
laboratory sample custodian immediately following receipt by the laboratory.  The 
analysts at the laboratory(s) maintain a sample-tracking record that will follow each 
sample through all stages of laboratory processing.  The sample tracking records show 
the date of sample extraction or preparation, and analysis.  These records are used to 
determine compliance with holding time limits during lab audits and data validation. 
 

3.6 QUALITY CONTROL 

3.6.1 Contamination Prevention 
 
Personnel should take special effort to prevent cross contamination or environmental 
contamination when collecting samples. 
 

• If possible, collect samples from the least contaminated sampling location (or 
background sampling location, if applicable) to the most contaminated sampling 
location. 

• Collect the ambient or background samples first, and store them in separate ice 
chests or separate shipping containers within the same ice chest. 

• Collect samples in flowing water at designated locations from upstream to 
downstream. 

 
Do not store or ship highly contaminated samples or samples suspect of containing high 
concentrations of contaminants in the same ice chest or shipping containers with other 
environmental samples. 
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• Isolate sample containers by sealing them in separate, untreated plastic bags 
immediately after collecting, preserving, labeling, etc. 

• Use a clean, untreated plastic bag to line the ice chest or shipping container. 
 
All sampling equipment should be thoroughly decontaminated and transported in a 
manner that does not allow it to become contaminated.  Arrangements should be made 
ahead of time to decontaminate any sampling or measuring equipment that will be reused 
when taking samples from more than one well.  Field decontamination of sampling 
equipment will be necessary before sampling each well to minimize the risk of cross 
contamination.  Decontamination procedures should be included in reports as necessary. 
Certified pre-cleaned sampling equipment and containers may be used.  When collecting 
aqueous samples, rinse the sample collection equipment with a portion of the sample 
water before taking the actual sample.  Sample containers do not need to be rinsed. In the 
case of petroleum hydrocarbons, oil and grease, or containers with pre-measured 
preservatives, the sample containers cannot be rinsed. 
 
Place all fuel-powered equipment away from, and downwind of, any site activities (e.g., 
purging, sampling, decontamination). 
 

• If field conditions preclude such placement, place the fuel source(s) as far away as 
possible from the sampling activities and describe the conditions in the field 
notes. 

• Handle fuel (i.e., filling vehicles and equipment) prior to the sampling day. If 
such activities must be performed during sampling, the personnel must wear 
disposable gloves. 

• Dispense all fuels downwind. Dispose of gloves well away from the sampling 
activities. 

3.6.2 Quality Control Samples 
 
Trip Blank - A trip blank will be prepared for each sample event to evaluate possible 
sample contamination that may occur during transport/shipping to and from the site.  Trip 
blanks will be prepared by the laboratory and will accompany the sample containers from 
the laboratory to the field and back to the laboratory.  The trip blank will be labeled and 
remain unopened throughout the duration of the field activities and subsequent shipment of 
the filled containers back to the laboratory.  Trip blanks will be analyzed for each parameter 
of the record samples, depending on the sample analysis requirements. 
 
Equipment Blank - To evaluate the effectiveness of the decontamination process, an 
equipment rinse blank will be prepared during each sampling event by passing laboratory-
supplied deionized water through the same sampling equipment used for collection of the 
compliance samples into a second empty laboratory-supplied sample container.  In the case 
where a bailer or dedicated pump is used to collect the samples, the equipment rinse blank 
will be prepared by pouring laboratory-supplied deionized water directly into the sampling 
equipment and then transferring the water directly into the laboratory-supplied containers.  
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One equipment blank will be collected for each sampling event.  The equipment blank will 
be analyzed for the each parameter of the record samples.   
 
Field Duplicate - One duplicate sample will be analyzed for each parameter of the record 
samples for each sampling event.  At least one duplicate sample will be collected during 
each sampling event.  The sampling personnel will select a sampling location at random in 
the field and the location will be identified in the logbook.  When the selected location is 
sampled, an additional set of sample containers will be prepared and labeled with the sample 
location listed as “duplicate”.  The sampling date will be recorded on the container, but not 
the sample identification information or sampling time.  The time of duplicate sample 
collection will be noted in the field book.  Sample containers for the record and duplicate 
sample will be filled at the same time, alternately, to maximize the reproducibility of 
analyses between the record and duplicate sample containers. 
 
The filled sample bottles will be labeled and securely placed into a pre-cleaned cooler with 
wet ice and a chain-of-custody form completed and placed with the samples prior to 
shipping to a laboratory for analysis.  Duplicate samples are only labeled as “Duplicate” 
with the date sampled.  No sample time or location designation will be noted on the 
duplicate sample containers. Upon completion of sampling, the well will be capped and 
secured.   
 

3.6.3 Sample Storage and Transport 
 
Sample labels and seals will be attached to each sample bottle.  The sample labels will be 
used to identify the sample location, date and time of collection, sample collector, 
parameters to be analyzed, and type of preservation.  A sample seal will be placed on 
each bottle or a seal will be placed on the shipping container to insure the samples are not 
disturbed during transportation. 
 

3.6.4 Chain-of-Custody and Analysis Request Forms 
 
A chain-of-custody record will be kept for each sample, and will be filled out at the time 
of sample collection. Information contained on a chain-of-custody record generally match 
the requirements of EPA’s RCRA Technical Enforcement Guidance Document (TEGD). 
A sample analysis request sheet will also be filled out at the time of sample collection. 
Information for the sample request sheet can be incorporated in the chain-of-custody 
record. 
 

3.6.3 Laboratory Activities 
 
A laboratory logbook(s) will be maintained by the laboratory for tracking the storage, 
processing and analysis of each sample.  The laboratory logbook will contain information 
on sample storage location; preparation techniques, such as digestion or extraction 
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methods; instrumentation used for sample analysis; results of routine QC samples for 
each batch of samples analyzed; and dates, times, and personnel performing each 
processing and analysis step. 
 
In addition to a laboratory log book and chain-of-custody, laboratory measures used to 
ensure the acceptability of analytical results include the use of calibration blanks, 
calibration verification standards, sample spikes, surrogate spikes, and laboratory 
replicates.  Results of analyses on these quality control measures will be reported with the 
results of the record sample analyses.  The quality control samples (calibration blanks and 
control standards, sample spikes, surrogate spikes, and laboratory replicates) will be 
analyzed at a minimum frequency of one per 20 samples, or one per analytical batch, 
whichever frequency is greater. 
 

4.0 DATA EVALUATION AND REPORTING 
 
As referenced in the North Carolina Solid Waste Management Rules (15A NCAC 13B, 
Section .0600), solid waste management facilities are required to provide such 
groundwater monitoring capability as the NCDENR determines to be necessary to detect 
the effects of the facility on the groundwater in the area.  Upon completion of field 
sampling activities and receipt of laboratory analysis, data should be compiled and 
reviewed for quality and accuracy with the objective of identifying if a release has 
occurred from the landfill into the uppermost aquifer.   
 

4.1 VALIDATION OF FIELD DATA PACKAGE  
 
The field data package includes all of the field records and measurements developed by 
the sampling team personnel.  The field data package validation procedure consists of:  
 

• A review of field data contained in the field logbook or sample data collection 
forms for completeness.   

• Verification that equipment blanks, field blanks, and trip blanks were properly 
prepared, identified, and analyzed.  

• A check of the field sampling calibration forms for equipment calibration and 
instrument condition.   

• A review of the Chain-Of-Custody Record for proper completion, signatures 
of field personnel and the laboratory sample custodian, and dates, and for 
verification that the correct analyses were specified.   

 

4.2 STATISTICAL ANALYSIS 
 
The statistical methods used to analyze the data will be those outlined in EPA’s Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim 
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f 

 monitoring data will 
omply with the standards outlined in 15A NCAC 13B Part .1632 

 
each 

CDENR - Solid Waste Section within 14 days of completing the statistical Analysis. 
 

.3 DETECTION MONITORING 

ver 

l be 

n of 

r concentrations.  A complete list of all Appendix I 
onstituents is included in Table 5.  

ll 
ed 

 data points to analyze.  One or more of the 
llowing statistical tests will be used: 

 

f median values. 

etric Prediction Intervals. 

• An alternative chosen by the operator and acceptable to the Division. 

ting the 

cords, 

Final Guidance (July 1992) which has been adopted by the North Carolina Department o
Environment and Natural Resources Solid Waste Management Guidelines 15A NCAC 
13B.1632.  The statistical method chosen to evaluate ground-water
c
 
If a new monitor well is added to the water quality monitoring network, a statistical 
analysis will be applied after the completion of four sampling events for the newly 
established groundwater quality monitoring network.  If through the statistical analysis it
is determined there is a statistically significant increase over background values at 
water quality monitor well, a report detailing the findings will be submitted to the 
N

4
 
Detection monitoring is performed to determine if a statistically significant increase o
background values has occurred in any of the downgradient compliance monitoring 
points.  The compliance monitoring data under the Detection Monitoring Program wil
analyzed statistically to determine if a release has occurred.  Prior to determining the 
appropriate statistical method to use, the distribution of the compliance data set will be 
evaluated.  The appropriate statistical method will be chosen based on the distributio
the compliance data set.  All analytical reports will be completed with referenced 
analytical methodologies, QA/QC documentation, field logs, analysis request forms, 
chain-of-custody forms, and paramete
C
 
The groundwater analytical results will be evaluated to determine if statistically 
significant evidence of contamination exists between the "background" (up-gradient) we
samples and the "compliance" (down-gradient) well samples.  Statistics will be appli
on well locations that have four or more
fo

• Shapiro-Wilk Normality Tests 
• Shapiro-Francia Normality Tests 
• Parametric analysis of variance using comparison of mean values. 
• Parametric analysis of variance using comparison o
• Parametric or Non-parametric Tolerance Intervals. 
• Parametric or Non-param
• Control chart approach. 

 
A determination will be made whether or not there is a statistically significant increase 
over background values for each analytical parameter.  Within 14 days of comple
statistical analysis for the analytical data, the operator will submit a report to the 
Division.  The report will include field observations relating to condition of monitoring 
wells, field data, statistical analysis, sampling methodologies, chain-of-custody re
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r Limits for each well and any other pertinent 
formation related to the sampling event. 

 
d, the 

f a statistical increase in compliance well(s) is verified the following will be 
erformed: 

 
• ys of 

finding indicating the constituents exceeding background levels; and, either 

• d contamination 
or that an error in sampling, analysis or evaluation occurred; or  

• ule 
 

itoring wells for Appendix II (EPA, Subtitle D Regulations) 
constituents. 

 

.4 ASSESSMENT MONITORING 

 

s 
samples 

ples, 

 
om each monitoring well and analyzed to establish a baseline for the 

ew constituents. 

ed 

QC/QA data, information on groundwater flow direction, groundwater flow rate 
calculations, effective porosity of formation materials (at screened interval), constituents 
that exceed the statistically computed Uppe
in
 
If there is a statistically significant increase over the background levels or an exceedance
of state standards for any constituent on the specific parameter suite being analyze
well(s) will be re-sampled within the compliance period (prior to the next routine 
monitoring event) to verify the water quality data.  If the additional data support the 
conclusion o
p

Report to the Division and place a notice in the operating record within 14 da

 
Demonstrate that either a source other than the landfill unit cause

 
Establish an Assessment Monitoring Program meeting the requirements of R
15A NCAC, 13B Part .1634 of within 90 days that includes sampling of all
detection mon

4
 
If a statistically significant increase in the compliance well(s) is confirmed, within 90
days following the confirmation of a statistically significant increase an Assessment 
Monitoring Program will be implemented.  The assessment monitoring will be designed 
to meet the requirements of 15A NCAC - 13B Part .1633.  The program will be designed 
to assess the rate and extent of migration of leachate in the groundwater.  Within 90 day
after the Assessment Monitoring Program is triggered, additional groundwater 
will be collected from the compliance (down-gradient) wells and analyzed for 
constituents in Appendix II of 40 CFR Part 258.  Following analysis of these sam
both background and compliance wells will be re-sampled and analyzed for any 
Appendix II constituents detected in the down-gradient wells.  Four independent samples
will be collected fr
n
 
The background concentration, as defined by the up-gradient wells, will be establish
for each of the Appendix II constituents detected from the samples.  Background to 
compliance well concentrations will be statistically tested using the methods outlined in 
Section 4.2 of this document.  Groundwater protection standards will also be developed 
for each Appendix II constituent detected in the down-gradient wells.  These standards 
will be based on background levels in the upgradient wells as well as the established 15A 
NCAC 2L groundwater quality standards (2L standard) established by the State of North 
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 Carolina’s published Groundwater Protection Standard for the 

, and 

e 
 

 

 notified 

CAC 13B.1635.  A complete 
st of all Appendix II Constituents is included in Table 6. 

 

.5 REPORT CONTENTS & SUBMISSION 

 
 

d-

r background levels, and any other pertinent 
formation related to the sampling event. 

 
 clearly show the permitted 

cation of the landfill with respect to the entire property. 

y 
in the 

report, should be kept on file and made available to NCDENR upon request.  

Carolina.  If the constituent does not have a 2L standard, or the background concentration
exceeds the 2L standard, the protection standard will be based on either the background
concentration or North
particular constituent. 
If the concentrations of all Appendix II constituents are shown to be at or below 
background values using the approved statistical procedures for two consecutive 
sampling events, the owner or operator shall report this information to the division
the division may give approval to the owner or operator to return to the Detection 
Monitoring Program.  If the concentrations of the Appendix II constituents for the 
compliance wells are statistically higher than the background wells but are below the 2L 
standards or Groundwater Protection Standards (GPS), then assessment monitoring will 
continue.  Sample frequency for the assessment monitoring will be semi-annual for th
active life of the facility, or until the Detection Monitoring Program is reinstated, or
corrective measures are required.  If, as a result of the assessment monitoring, it is 
determined that there is a statistically significant increase in concentration for compliance
wells for constituents under Appendix II on a point comparison basis compared directly 
to the 2L standard or Groundwater Protection Standard (GPS), NCDENR will be
within 14 days of this finding.  At this point, requirements under §.1635 will be 
implemented.  Once the appropriate corrective measures are approved, a Corrective 
Action Monitoring program will be implemented per 15A N
li

4
 
A report shall be submitted to the NCDENR which will include, at a minimum, a 
summary table of the field and laboratory data and a cover letter describing sampling 
methodology and data trends will be submitted to the NCDENR-DWM within 90 days of 
sampling.  The DWM will be notified in the event that vendor lab analyses have not been
completed within this time frame.  At a minimum the report shall include the following
information: field observations relating to the condition of the monitoring wells, field 
data, laboratory data, statistical analysis, sampling methodologies, quality assurance and 
quality control data, information on ground-water flow direction, calculations of groun
water flow rate, for each well any constituents that exceed ground-water standards or 
show a statistically significant increase ove
in
 
The report should also include a site topographic map depicting the configuration of the
landfill pursuant to the permit description. This map should
lo
 
All Groundwater Monitoring Data Sheets, Field Calibration Forms, Chain-of-Custod
Record, Laboratory(s) QA data, and Data Validation Checklists, not included 
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TABLES

 



Table 1
Average Hydraulic Conductivity from Rising Head Tests

City of Durham Closed Municipal Solid Waste Landfill - Permit # 32-01
S&ME Project No. 1054-07-469

Well ID ft/sec ft/min  ft/day cm/sec m/sec m/min

MW-2 2.02E-06 1.21E-04 0.175 6.16E-05 6.16E-07 3.70E-05

MW-3R 3.19E-06 1.91E-04 0.275 9.71E-05 9.71E-07 5.83E-05

MW-4R 2.33E-06 1.40E-04 0.201 7.10E-05 7.10E-07 4.26E-05

MW-5 1.85E-06 1.11E-04 0.159 5.63E-05 5.63E-07 3.38E-05

MW-6R 1.51E-06 9.04E-05 0.130 4.59E-05 4.59E-07 2.75E-05

MW-7R 2.30E-06 1.38E-04 0.199 7.02E-05 7.02E-07 4.21E-05

MW-8 1.14E-05 6.85E-04 0.987 3.48E-04 3.48E-06 2.09E-04

MW-9R 1.54E-06 9.24E-05 0.133 4.69E-05 4.69E-07 2.82E-05

Notes:
Hydraulic conductivity tests (rising head tests) performed by S&ME in May 2008.
Slug test data analyzed using Aqtesolv modeling software using the Bouwer-Rice method for unconfined partially penetrating or fully penetrating well 
screens.



Well Location Groundwater Gradient Hydraulic Conductivity Values  
(cm/sec)

Effective Porosity   
(%)

Estimated Velocity   
(ft/yr)

MW-2 0.0420 6.16E-05 20 13.33

MW-4R 0.0227 7.10E-05 20 8.30

MW-5 0.0430 5.64E-05 20 12.49

MW-7R 0.0149 7.01E-05 20 5.38

MW-8 0.0256 3.48E-04 20 45.88

MW-9R 0.0545 4.69E-05 20 13.17

Notes:
cm/sec = centimeters per second
ft/yr = feet per year

Estimated flow rate not calculated for MW-6R because MW-6R has been removed from the water quality monitoring network.
Estimated flow rate not calculated for MW-3R due to lack of elevation data.

S&ME Project No. 1054-07-469

ESTIMATED GROUNDWATER FLOW RATES AT WELL LOCATIONS

Hydraulic conductivity testing for MW-2, MW-4R, MW-5, MW-7R, MW-8 and MW-9R was performed by S&ME, Inc. in May 2008.  

Table 2
Estimated Groundwater Flow Velocity

City of Durham Closed Municipal Solid Waste Landfill - Permit # 32-01



Well/Piezometer 
Identification 

Ground Surface Elevation 
(ft AMSL) 

TOC Elevation 
(ft AMSL) 

Stick-up 
Interval        

(ft)

Well Depth* 
(ft bgs)

Well Diameter 
(inches) 

Screened Interval** 
(ft bgs)

MW-2 284.91 286.54 1.63 19.62 2 9.62 - 19.62
MW-3R -- -- 2.91 17.65 2 7.65 - 17.65
MW-4R 293.23 295.63 2.40 17.39 2 7.39 - 17.39
MW-5 298.00 299.76 1.76 21.77 2 11.77 - 21.77

MW-7R 315.88 318.21 2.33 44.10 2 19.10 - 44.10
MW-8 309.60 313.10 3.50 16.52 2 9.02 - 16.52

MW-9R 358.96 361.47 2.51 22.55 2 12.55 - 22.55
MW-10 280.90 284.00 3.10 16.61 2 6.61-16.61
MW-11 TBD TBD TBD TBD 2 TBD
MW-12 TBD TBD TBD TBD 2 TBD
MW-13 TBD TBD TBD TBD 2 TBD
MW-14 TBD TBD TBD TBD 2 TBD
PZ-2R 344.06 346.56 2.50 34.59 2 24.59 - 34.59
PZ-3 346.78 350.03 3.25 42.40 2 27.40 - 42.40

PZ-4R 336.57 339.42 2.85 38.38 2 23.38 - 38.38
PZ-6 347.76 350.11 2.35 61.50 2 41.50 - 61.50

Notes: 
ft AMSL = feet above mean sea level
TOC = top of well casing elevation
-- = no data available
bgs = below ground surface
TOC and Ground Surface Elevations were surveyed by Barbara H. Mulkey Engineering in January 2001.
TOC and Ground Surface Elevations surveyed for new wells P2-R, P-4R, MW-6R, MW-7R and MW-9R in 2005 by Mulkey Engineering.
TOC and Ground Surface Elevations surveyed for new well MW-10 TOC elevation surveyed by Bateman Civil Survey P.C. in September 2008
** Screened interval is approximate, based on field measurements by S&ME in May 2008.
* Depth to bottom measurements taken on June 13, 2008.
TBD = Monitor Wells 11-14 will be installed upon receipt of approval of the WQMP.

Monitoring Well/Piezometer Construction Details
Table 3

Permit # 32-01
S&ME Project No. 1054-07-469

City of Durham Closed Municipal Solid Waste Landfill



Well/Piezometer ID Northing Easting Ground Surface Elevation      
(ft AMSL)

Top-of -Casing Elevation     
(ft AMSL) 

PZ-2R 831136.44 2043506.78 344.06 346.56

PZ-3 830581.61 2043460.99 346.78 350.03

PZ-4R 830318.99 2043456.93 336.57 339.42

PZ-6 831072.37 2043873.16 347.51 350.11

MW-2 831828.02 2042303.29 284.91 286.54

MW-3R 830508.02 2041431.79 -- --

MW-4R 829624.77 2042330.46 293.23 295.63

MW-5 832230.50 2043386.22 298.00 299.76

MW-7R 831775.12 2043783.06 315.88 318.21

MW-8 829821.92 2043599.54 310.80 313.10

MW-9R 830702.99 2043834.41 359.17 361.47

MW-10 830933.88 2041289.17 280.90 284.00

MW-11 832308.73* 2042308.98* TBD TBD

MW-12 831.525.51* 2041749.89* TBD TBD

MW-13 831136.4* 2041117.19* TBD TBD

MW-14 830164.16* 2041429.56* TBD TBD

Notes:
ft-AMSL: Feet above mean sea level
Northing/Easting Datum = NAD 83
Vertical Datum = NGVD 29 Feet AMSL
Units = US  Survey Feet
TOC and Ground Surface Elevations were surveyed by Barbara H. Mulkey Engineering in January 2001.
TOC and Ground Surface Elevations surveyed for new wells P2-R, P-4R, MW-6R, MW-7R and MW-9R in 2005 by Mulkey Engineering.
TOC and Ground Surface Elevations surveyed for new well MW-10 TOC elevation surveyed by Bateman Civil Survey P.C. in September 2008
TBD = Monitor Wells 11-14 will be installed upon receipt of approval of the WQMP.
* = Northings and Eastings are approximate and will be updated upon completion of the new monitor well network.

Table 4

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

Permit # 32-01

Monitoring Well/Piezometer Locations and Elevations



 Appendix I Constituent - Common name  CAS Number 

  Antimony 7440-36-0
  Arsenic 7440-38-2
  Barium 7440-39-3
  Beryllium 7440-41-7
  Cadmium 7440-43-9
  Chromium 7440-47-3
  Cobalt 7440-48-4
  Copper 7440-50-8
  Lead 7440-92-1
  Nickel 7440-02-0
  Selenium 7440-49-2
  Silver 7440-22-4
  Thallium 7440-28-0
  Vanadium 7440-62-2
  Zinc 7440-66-6
 Acetone  67-64-1 
  Acrylonitrile  107-13-1 
  Benzene  71-43-2 
  Bromochloromethane  74-97-5 
  Bromodichloromethane  75-27-4 
  Bromoform; Tribromomethane  75-25-2 
  Carbon disulfide  75-15-0 
  Carbon tetrachloride  56-23-5 
  Chlorobenzene  108-90-7 
  Chloroethane; Ethyl chloride  75-00-3 
  Chloroform; Trichloromethane  67-66-3 
  Dibromochloromethane; Chlorodibromomethane  124-48-1 
  1,2-Dibromo-3-chlorpropane; DBCP  96-12-8 
  1,2-Dibromoethane; Ethylene dibromide; EDB  106-93-4 
  o-Dichlorobenzene; 1,2-Dichlorobenzene  95-50-1 
  p-Dichlorobenzene; 1,4-Dichlorobenzene  106-46-7 
  trans-1,4-Dichloro-2-butene  110-57-6 
  1,1-Dichloroethane; Ethylidene chloride  75-34-3 
  1,2-Dichloroethane; Ethlyene dichloride  107-06-2  

S&ME Project No. 1054-07-469
Permit # 32-01

Table 5
 Constituents for Detection Monitoring  (40 CFR 258, Appendix I) 

City of Durham Closed Municipal Solid Waste Landfill



 Appendix I Constituent - Common name  CAS Number 

S&ME Project No. 1054-07-469
Permit # 32-01

Table 5
 Constituents for Detection Monitoring  (40 CFR 258, Appendix I) 

City of Durham Closed Municipal Solid Waste Landfill

  1,1-Dichloroethylene; 1-1-Dichloroethene; Vinylidene chloride  75-35-4 
  cis-1,2-Dichloroethylene; cis-1,2-Dichloroethene  156-59-2 
  trans-1,2-Dichloroethylene; trans-1,2-Dichloroethene  156-60-5 
  1,2-Dichlorpropane; Propylene dichloride  78-87-5 
  cis-1,3-Dichlorpropene  10061-01-5  
  trans-1,3-Dichlorpropene  10061-02-6 
  Ethylbenzene  100-41-4 
  2-hexanone; Methyl butyl ketone  591-78-6 
  Methyl bromide; Bromomethane  74-83-9 
  Methyl chloride; Chloromethane  74-87-3 
  Methylene bromide Dibromomethane  74-95-3 
 Methylene chloride; Dichloromethane  75-09-2 
  Methyl ethyl ketone; MEK; 2-Butanone  78-93-3 
  Methyl iodide; Iodomethane  74-88-4 
  4-Methyl-2-pentanone; Methyl isobutyl isobutyl ketone  108-10-1 
  Styrene  100-42-5 
  1,1,1,2-Tetrachloroethane  630-20-6 
  1,1,2,2-Tetrachloroethane  79-34-5 
  Tetrachloroethylene; Tetracholorethene; Perchloroethylene  127-18-4 
  Toluene  108-88-3 
  1,1,1-Trochlorethane; Methylchloroform  71-55-6 
  1,1,2-Trichloroethane  79-00-5 
  Trichloroethylene; Trichlorethene  79-01-6 
  Trichlorofluoromethane; CFC-11  75-69-4 
  1,2,3-Trichloropropane  96-18-4 
  Vinyl acetate  108-05-4 
  Vinyl chloride  75-01-4 
  Xylenes  1330-20-7 



 Appendix II Constituents - Common Name   CAS Number

Acenaphthene   83-32-9  
Acenaphthylene   208-96-8  
Acetone   67-64-1  
Acetonitrile; Methyl cyanide   75-05-8  
Acetophenone   98-86-2  
2-Acetylaminofluorene; 2-AAF   53-96-3  
Acrolein   107-02-8  
Acrylonitrile   107-13-1  
Aldrin   309-00-2  
Allyl chloride   107-05-1  
4-Aminobiphenyl   92-67-1  
Anthracene   120-12-7  
Antimony  7440-36-0
Arsenic  7440-38-2
Barium  7440-39-3
Benzene   71-43-2  
Benzo[a]anthracene; Benzanthracene   56-55-3  
Benzo[b]fluoranthene   205-99-2  
Benzo[k]fluoranthene   207-08-9  
Benzo[ghi]perylene   191-24-2  
Benzo[a]pyrene   50-32-8  
Benyl alcohol   100-51-5  
Beryllium  7440-41-7
alpha-BHC   319-84-6  
beta-BHC   319-85-7  
delta-BHC   319-86-8  
gamma-BHC; Lindane   58-89-9  
Bis(2-chloroethoxy)methane   111-91-1  
Bis(2-chloroethyl)ether; Dichloroethyl ether   111-44-4  
Bis-(2-chlor-1-methyl) ether; 2, 2-Dichloro-  108-60-1  
diisopropyl ether; DCIP See note 6  
Bis(2-ethylhexyl) phthalate   117-81-7  
Bromochloromethane; Chlorobromomethane   74-97-5  
Bromodichloromethane; Dibromochloromethane   75-27-4  
Bromoform; Tribromomethane   75-25-2  

Permit # 32-01

Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469
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Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

4-Bromophenyl phenyl ether   101-55-3  
Butyl benzyl phthalate; Benzyl butyl phthalate   85-68-7  
Cadmium  7440-43-9
Carbon disulfide   75-15-0  
Carbon tetrachloride   56-23-5  
Chlordane   See NOTE 1  
p-Chloroaniline   106-47-8  
Chlorobenzene   108-90-7  
Chlorobenzilate   510-15-6  
p-Chloro-m-cresol; 4-Chloro-3-methylphenol   59-50-7  
Chloroethane; Ethyl chloride   75-00-3  
Chloroform; Trichloromethane   67-66-3  
2-Chloronaphthalene   91-58-7  
2-Chlorophenol   95-57-8  
4-Chlorophenyl phenyl ether   7005-72-3  
Chloroprene   126-99-8  
Chromium  7440-47-3
Chrysene   218-01-9  
Cobalt   218-01-9  
Copper  7440-50-8
m-Cresol; 3-methylphenol   108-39-4  
o-Cresol; 2-methlphenol   95-48-7  
p-Cresol; 4-methylphenol   106-44-5  
Cyanide   57-12-5  
2,4-D; 2,4-Dichlorophenoxyacetic acid   94-75-7  
4,4-DDD   72-54-8  
4,4-DDE   72-55-9  
4,4-DDT   50-29-3  
Diallate   2303-16-4  
aDibenz[a,h]anthracene   53-70-3  
Dibenzofuran   132-64-9  
Dibromochloromethane; Chlorodibromomethane   124-48-1  
1,2-Dibromo-30chloropropane; DBCP   96-12-8  
1,2-Dibromoethane; Ethylene dibromide; EDB   106-93-4  
Di-n-butyl phthalate   84-74-2  
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Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

o-Dichlorobenzene; 1,2-Dichlorobenzene   95-50-1  
m-Dichlorobenzene; 1,3-Dichlorobenzene   541-73-1  
p-Dichlorobenzene; 1,4-Dichlorobenzene   106-46-7  
3,3-Dichlorobenzidine   91-94-1  
trans-1,4-Dichloro-2-butene   110-57-6  
Dichlorodifluoromethane; CFC 12;   75-71-8  
1,1-Dichloroethane chloride   75-34-3  
1,2-Dichloroethane; Ethylene dichloride   107-06-2  
1,1-Dichloroethylene; 1,1-Dichloroethane;   75-35-4  
Vinylidene chloride  75-35-4
cis-1,2-Dichloroethylene; cis-1,2-Dichloroethene   156-59-2  
trans-1,2-Dichloroethylene trans-1,2-Dichloroethene   156-60-5  
2,4-Dichlorophenol   120-83-2  
2,6-Dichlorophenol   87-65-0  
1,2-Dichloropropane; Propylene dichloride   78-87-5  
1,3-Dichloropropane; Trimethylene dichloride   142-28-9  
2,2-Dichloropropane; Isopropylidene chloride   594-20-7  
1,1-Dichloropropene   563-58-6  
cis-1,3-Dichloropropene   10061-01-5  
trans-1,3-Dichloropropene   10061-02-6  
Dieldrin   60-57-1  
Diethyl phthalate   84-66-2  
0,0-Diethyl 0-2-pyrazinyl phosphorothioate; thionazin     297-97-2  
Dimethoate   60-51-5  
p-(Dimethylamino)azobenzene   60-11-7  
7,12-Dimethylbenxz[a]anthracene   57-97-6  
3,3-Dimethylbenzidine   119-93-7  
2,4-Dimethlphenol; m-Xylenol   105-67-9  
Dimethyl phthalate   131-11-3  
m-Dinitrobenzene   99-65-0  
4,6-Dinitro-o-cresol 4,6-Dinitro-2-methylphenol   534-52-1  
2,4-Dinitrophenol   51-28-5  
2,4-Dinitrotoluene   121-14-2  
2,6-Dinitrotoluene   606-20-2  
Dinoseb; DNBP; 2-sec-Butyl-4,6-dinitrophenol   88-85-7  
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Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

Di-n-octyl phthalate   117-84-0  
Diphenylamine   122-39-4  
Disulfoton   298-04-4  
Endosulfan I   959-98-8  
Endosulfan II   33213-65-9  
Endodulfan sulfate   1031-07-8  
Endrin   72-20-8  
Endrin aldehyde   7421-93-4  
Ethylbenzene   100-41-4  
Ethyl methacrylate   97-63-2  
Ethyl methanesulfonate   62-50-0  
Famphur   52-85-7  
Fluoranthene   206-44-0  
Fluorene   86-73-7  
Heptachlor   76-44-8  
Heptachlor epoxide   1024-57-3  
Hexachlorobenzene   118-74-1  
Hexachlorobutadiene   87-68-3  
Hexachlorocyclopentadiene   77-47-4  
Hexachloroethane   67-72-1  
Hexachloropropene   188-71-7  
2-Hexanone; Methyl butyl ketone   591-78-6  
Indenol(1,2,3-cd)pyrene   193-39-5  
Isopbutyl alcohol   78-83-1  
Isodrin   465-73-6  
Isophorone   78-59-1  
Isosafrole   120-58-1  
Kepone   143-50-0  
Lead  7440-92-1
Mercury  7434-97-6
Methacrylonitrile   126-98-7  
Methapyrilene   91-80-5  
Methoxychlor   72-43-5  
Methyl bromide; Bromomethane   74-83-9  
Methyl chloride; Chloromethane   74-87-3  
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Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

3-Methylcholanthrene   56-49-5  
Methyl ethyl ketone; MEK; 2-Butanone   78-93-3  
Methyl iodide; lodomethane   74-88-4  
Methyl methacrylate   80-62-6  
Methyl methanesulfonate   66-27-3  
2-Methylnaphthalene   91-57-6  
Methyl parathion; Parathion methyl   298-00-0  
4-Methyl-2-pentanone; Methyl isobutyl ketone   108-10-1  
Methylene bromide; Dibromomethane   74-95-3  
Methylene chloride; Dichloromethane   75-09-2  
Naphthalene   91-20-3  
1,4-Naphthoquinone   130-15-4  
1-Naphthylamine   134-32-7  
2-Naphthylamine   91-59-8  
Nickel  7440-02-0
o-Nitroaniline; 2-Nitroaniline   88-74-4  
m-Nitroaniline; 3-Nitroanile   99-09-2  
p-Nitroaniline; 4-Nitroaniline   100-01-6  
Nitrobenzene   98-95-3  
o-Nitrophenol; 2-Nitrophenol   88-75-5  
p-Nitrophenol; 4-Nitrophenol   100-02-7  
N-Nitrosodi-n-butylamine   924-16-3  
N-Nitrosodiethylamine   55-18-5  
N-Nitrosodimethylamine   62-75-9  
N-Nitrosodiphenylamine, N-Nitroso-N-Di-n- propylnitrosamine   86-30-6  
N-Nitrosodipropylamine; dipropylamine;   621-64-7  
N-Nitrosomethylethalamine   10595-95-6  
N-Nitrosopiperidine   100-75-4  
N-Nitrosopyrrolidine   930-55-2  
5-Nitro-o-toluidine   99-55-8  
Parathion   56-38-2  
Pentachlorobenzene   608-93-5  
Pentachloronitrobenzene   82-68-8  
Pentachlorophenol   87-86-5  
Phenacetin   62-44-2  
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Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

Phenanthrene   85-01-8  
Phenol   108-95-2  
p-Phenylenediamine   106-50-3  
Phorate   298-02-2  
Polychlorinated biphenyls (PCBs); Aroclors   See NOTE 2  
Pronamide   23950-58-5  
Propionitrile; Ethyl cyanide   107-12-0  
Pyrene   129-00-0  
Safrole   94-59-7  
Selenium  7440-49-2
Silver  7440-22-4
Silvex; 2,4,5-TP   93-72-1  
Styrene   100-42-5  
Sulfide   18496-25-8  
2,4,5-T; 2,4,5-Trichlorophenoxyacetic acid   93-76-5  
1,2,4,5-Tetrachlorobenzene   95-94-3  
1,1,1,2-Tetrachloroethane   630-20-6  
1,1,2,2-Tetrachloroethane   79-34-5  
Tetrachloroethylene; Tetrachloroethene; Perchloroethylene   127-18-4  
2,3,4,6-Tetrachlorophenol   58-90-2  
Thallium  7440-28-0
Tin  7440-31-5
Toluene   108-88-3  
o-Toluidine   95-53-4  
Toxaphene   See NOTE 3  
1,2,4-Trichlorobenzene   120-82-1  
1,1,1-Trichloroethane; Methylchloroform   71-55-6  
1,1,2-Trichloroethane   79-00-5  
Trichloroethylene; Trichloroethene   79-01-6  
Trichlorrofluoromethane; CFC-11   75-69-4  
2,4,5-Trichlorophenol   95-95-4  
2,4,6-Trichlorophenol   88-06-2  
1,2,3-Trichloropropane   96-18-4  
0,0,0-Triethyl phosphorothioate   126-68-1  
sym-Trinitrobenzene   99-35-4  
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Table 6
 Constituents for Assessment Monitoring  (40 CFR 258, Appendix II) 

City of Durham Closed Municipal Solid Waste Landfill
S&ME Project No. 1054-07-469

Vanadium  7440-62-2
Vinyl acetate   108-05-4  
Vinyl chloride; Chloroethene   75-01-4  
Xylene (total)   See NOTE 4  
Zinc  7440-66-6
Notes:
1. Chlordane: This entry includes alpha-chlordane (CAS RN 5103-71-9), beta-chlordane
(CAS RN 5103-74-2), gamma-chlordane (CAS RN 5566-34-7), and constituents of chlordane
(CAS RN 57-74-9 and CAS RN 12789-03-6)
2. Polychlorinated biphenyls (CAS RN 1336-36-3); this category contains congener chemicals, including
constituents of Aroclor-1016 (CAS RN 12674-11-2), Aroclor-1221 (CAS RN 11104-28-2),
Aroclor-1232 (CAS RN 11141-16-5), Aroclor-1242 (CAS RN 53469-21-9), Aroclor-1248
(CAS RN 12672-29-6), Aroclor-1254 (CAS RN 11097-69-1), and Aroclor-1260
(CAS RN 11096-82-5)
3. Toxaphene: This entry includes congener chemicals contained in technical toxaphene
(CAS RN 8001-35-2), ie, chlorinated camphene
4. Xylene (total): This entry includes o-xylene (CAS RN 96-47-6), m- xylene (CAS RN 108-38-3),
p-xylene (CAS RN 106-42-3), and unspecified xylenes (dimethylbenzenes) (CAS RN 1330-20-7)
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APPENDIX I 
 

Rising Head Tests  
(MW-2, MW-3R, MW-4R, MW-5, MW-7R, MW-8, MW-9R IN MAY 

2008) (MW-11, MW-12, MW-13 AND MW-14 TBD) 

 

















































































 

 APPENDIX II 
 

WELL CONSTRUCTION RECORDS  
& SOIL BORING LOGS 

 





















































 

APPENDIX III 
 

DEDICATED SAMPLING EQUIPMENT 
SPECIFICATIONS 
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